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1
THERMAL BRIDGE FOR LED LUMINAIRES

BACKGROUND

LED lighting solutions are becoming increasingly popular
for use in both personal and commercial applications. As a
consequence, LED lighting is now available in form factors
and light intensities small enough for use in a desk lamp or
large enough for parking lot or street lighting. Unlike incan-
descent light bulbs, LED lighting is relatively heat sensitive
with temperature thresholds which, if exceeded, could reduce
the operating life of the LED. In order to provide sufficient
brightness for large area applications, such as parking lot
lighting or street lighting, the LED lighting modules have to
be of relatively high power. Even considering the increased
efficiency of LED lighting when compared to incandescent or
fluorescent lighting, with such high power light sources, a
significant amount of heat is generated. Thus, for these larger
applications, thermal management is an important consider-
ation in avoiding degradation in performance.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a lumi-
naire includes a bottom housing having a window and a top
housing movable relative to the bottom housing between an
open configuration and a closed configuration. A substrate
carrying at least one LED is positioned in the bottom housing
and light from the at least one LED is transmitted through the
window. A thermal bridge includes at least one layer of aniso-
tropic thermally conductive graphite and is in thermal contact
with the substrate and the top housing when the top housing is
in the closed configuration. The thermal bridge is disengaged
from thermal contact with the substrate or the top housing
when the top housing is in the open configuration.

According to another aspect of the invention, a luminaire
includes a bottom housing having a window and a top housing
pivotally secured to the bottom housing. The top housing is
movable about a pivot axis between an open configuration
and a closed configuration. A substrate carries at least one
LED. The substrate is positioned in the bottom housing and
light from the at least one LED is transmitted through the
window. A thermal bridge includes at least one layer of aniso-
tropic thermally conductive graphite and is in thermal contact
with the substrate and the top housing. The thermal bridge is
also positioned proximate to the pivot axis and bends when
moving from the closed to open configuration.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 is a side view of an LED luminaire.

FIG. 2 is a front magnified view of a blade and receiver in
accordance with one aspect of the disclosed embodiment.

FIG. 3 is a side view of the blade and receiver of FIG. 2.

FIG. 4 is a side view of a second embodiment of an LED
luminaire.

FIG. 5 is an isometric view of a thermal bridge.

FIG. 6 is a side view of the thermal bridge of FIG. 5.

FIG. 7 is a side view of a third embodiment of an LED
luminaire.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure relates to a luminaire having a ther-
mal management system for removing heat from an LED
module. In particular, the thermal management system
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removes heat directly to an outer housing wall on an opposed
side of the housing from the heat source. The luminaire may
be any style, but is advantageously a large form factor lumi-
naire, adapted for use in street or parking lot lighting appli-
cations. The LED module may include one or more LEDs
mounted on a printed circuit board which powers and controls
the illumination of the LED(s). In one embodiment, the LED
module produces at least about 3,000 lumens. In another
embodiment, the LED module produces at least about 5,000
lumens. In another embodiment, the LED module produces at
least about 7,500 lumens. In still other embodiments, the LED
module produces at least about 10,000 lumens.

In an embodiment, the thermal management system
includes a thermal bridge and optionally a heat collector. The
thermal bridge is in thermal contact with the LED module to
move heat from the LED module to the housing wall opposed
from the LED module to reduce the effect of the heat on
components of the LED module. In one embodiment, the
thermal bridge extends directly across the interior of the
housing from the LED module to the opposed housing wall.
In this manner, the thermal bridge moves the heat to relatively
distant portions of the housing and safely away from the LED
module.

In an embodiment, the thermal bridge is configured to
disengage when the housing is opened and thereafter, engage
the housing wall or LED module when the housing is closed.
In these or other embodiments, the thermal bridge disengages
without the need to remove additional mechanical fasteners.
In one embodiment, the thermal bridge includes a knife
extending from one housing half and engaging a receiving
portion secured to the LED module. In other embodiments,
the thermal bridge includes a biased member extending
between the LED module and top housing, the biased mem-
ber being compressed when the luminaire housing is closed.
In still other embodiments, the thermal bridge includes a
flexible member positioned proximate to the pivot axis
between the LED module and top housing.

In some embodiments the thermal bridge is formed of one
or more sheets of compressed particles of exfoliated graphite
with one or more support layers. In other embodiments, the
thermal bridge includes one or more layers of pyrolytic
graphite with one or more support layers. In still other
embodiments, the thermal bridge may be formed of both
pyrolitic graphite and one or more sheets of compressed
particles of exfoliated graphite. By “pyrolytic graphite” is
meant graphitized polyimide sheet, for instance, in U.S. Pat.
No. 5,091,025, the disclosure of which is incorporated herein
by reference. The support layers may be any material with
sufficient strength to support the thermal bridge, including,
for example, metals or plastic materials. The compressed
exfoliated graphite materials, such as graphite sheet and foil,
are coherent, with good handling strength, and are suitably
compressed, e.g. by roll pressing, to a thickness of about 0.05
mm to 3.75 mm and a typical density of about 0.4 to 2.0 g/cc
or higher. When employed in a thermal bridge in accordance
with the current disclosure, a sheet of compressed particles of
exfoliated graphite should have a density of at least about 0.6
g/cc, more preferably at least about 1.1 g/cc, most preferably
at least about 1.6 g/cc. The upper limit to the density of the
graphite sheet heat spreader is about 2.0 g/cc. One graphite
sheet suitable for use in the thermal bridge in the present
disclosure is commercially available as eGRAF® material,
from GrafTech International Holdings Inc. of Parma, Ohio.

If desired, sheets of compressed particles of exfoliated
graphite can be treated with resin and the absorbed resin, after
curing, enhances the moisture resistance and handling
strength, i.e. stiffness, of the graphite article as well as “fix-
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ing” the morphology of the article. Suitable resin content is
preferably at least about 5% by weight, more preferably about
1010 35% by weight, and suitably up to about 60% by weight.
Resins found especially useful in the practice of the present
invention include acrylic-, epoxy- and phenolic-based resin
systems, fluoro-based polymers, or mixtures thereof. Suitable
epoxy resin systems include those based on diglycidyl ether
of bisphenol A (DGEBA) and other multifunctional resin
systems; phenolic resins that can be employed include resole
and novolac phenolics. Optionally, the flexible graphite may
be impregnated with fibers and/or salts in addition to the resin
or in place of the resin. Additionally, reactive or non-reactive
additives may be employed with the resin system to modify
properties (such as tack, material flow, hydrophobicity, etc.).

In certain embodiments, a plurality of graphite sheets may
be laminated into a unitary article for use in the thermal
management system disclosed herein. The sheets of com-
pressed particles of exfoliated graphite may be laminated
with a suitable adhesive, such as pressure sensitive or ther-
mally activated adhesive, therebetween. The adhesive chosen
should balance bonding strength with minimizing thickness,
and be capable of maintaining adequate bonding at the ser-
vice temperature at which heat transfer is sought. Suitable
adhesives would be known to the skilled artisan, and include
acrylic and phenolic resins.

The graphite sheet(s) should have an in-plane thermal con-
ductivity of at least 150 W/m*K. In still other embodiments,
the graphite sheet exhibits an in-plane thermal conductivity of
at least 300 W/m*K. In still other embodiments the graphite
sheet exhibits an in-plane thermal conductivity of at least 400
W/m*K. In still other embodiments the graphite sheet exhib-
its an in-plane thermal conductivity of at least 600 W/m*K. In
still other embodiments the graphite sheet exhibits an in-
plane thermal conductivity of at least 700 W/m*K. In still
other embodiments, the graphite sheet exhibits an in-plane
thermal conductivity of at least 1500 W/m*K. In one embodi-
ment, the graphite sheet material may be from 10 to 1500
microns thick.

The thermal management system may optionally include a
heat sink positioned in thermal contact with the LED module
and between the LED module and thermal bridge. In embodi-
ments including a heat sink, the thermal energy from the LED
module is collected by the heat sink, and thereafter transmit-
ted to the opposed housing wall through the thermal bridge.
The heat sink should be isotropic and is advantageously a
metal element, such as copper or aluminum, or alloys thereof.
According to the present disclosure, isotropic means that the
material from which the heat collector is formed has a thermal
anisotropic ratio of no more than 2.0, preferably less than 2.0,
more preferably no more than 1.5, and even more preferably
about 1.0. In a certain embodiment, the thermal anisotropic
ratio of the heat sink may range from about 1.0 up to about
2.0.

In embodiments including a heat sink, the heat sink may be
positioned in thermal contact with the LED module. Advan-
tageously, the heat sink may be generally planar shaped and
positioned proximate to the LED(s) of the LED module; in
certain embodiments of the thermal management system dis-
closed herein, the heat sink is in thermal contact with the
printed circuit board of the LED module, and acts as an agent
to transfer heat from the LED(s) to the thermal bridge.

As used herein, thermal contact means that a first compo-
nent is positioned in relation to a second component such that
heat is transterred therebetween. Physical contact is the pre-
ferred form of thermal contact, although a housing, circuit
board, or a heat transfer element, such as a thermal interface
material or the like may be positioned between the first com-
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ponent and the second component to facilitate thermal trans-
fer. In certain embodiments, an adhesive may be used to
maintain the thermal interface material in position, or in some
embodiments, an adhesive can be used to ensure good contact
between the heat sink or thermal bridge and the LED module,
or the heat sink and the thermal bridge, is maintained.

In one embodiment, the material used to form the heat sink
has two major surfaces and a thermal conductivity of at least
10 W/m*K in order to draw sufficient heat from the LED
module. In other embodiments, the thermal conductivity of
the material used to form the heat collector is at least 100
W/m*K. As noted, in some embodiments, the metal can be
aluminum, copper, or alloys thereof.

With reference now to FIG. 1 an LED luminaire is shown
and generally indicated by the numeral 10. Luminaire 10
includes a bottom housing 12 that is detachably connected to
atop housing 14. Accordingly, luminaire may be placed in an
open configuration, for example, FIG. 1, wherein the interior
portion of luminaire 10 is exposed. Luminaire may also be
placed in a closed configuration (not shown) wherein the
lower housing 12 and upper housing 14 are secured together
in a manner that substantially encloses an interior volume.

In one embodiment, bottom housing 12 may be pivotally
attached to top housing 14 at a pivot point 16 (by, for example,
a hinge or the like). In other embodiments, the bottom hous-
ing 12 may be completely detached from top housing 14. Top
housing 14 may be made of any materials, but in one particu-
lar embodiment is made of a thermally conductive material.
For example, top housing 14 may be made of a metal such as,
for example, aluminum or steel. Alternately, top housing may
be made of a thermally conductive plastic. The thermal con-
ductivity of the plastic may be increased buy, for example,
adding thermally conductive additives thereto.

Bottom housing 12 carries an LED light module 18 that
includes one or more LEDs that generate light which is trans-
mitted through a clear or translucent protective window 20.
The LED module 18 may include a substrate 22 such as, for
example, a printed circuit board upon which the LED(s) and
optionally power and control electronics are disposed. Sub-
strate 22 may be generally planar and sized to fit on or inside
oflower housing 12. Heat generated by the LED(s) and power
electronics is advantageously removed from the LED module
18 by a thermal bridge 24. Advantageously, thermal bridge 24
moves thermal energy from LED module 18 to top housing 14
where it may be radiated or otherwise removed from lumi-
naire 10.

Thermal bridge 24 may generally include a blade 26 and a
receiver 28. Blade 26 is secured to top housing 14 and extends
downwardly therefrom toward substrate 22. Receiver 28
extends upwardly from substrate 22 and is positioned thereon
to engage blade 26 when lower housing 12 and upper housing
14 are engaged and in the closed configuration. It should be
appreciated that the configuration of blade 26 and receiver 28
may be reversed, wherein the blade 26 extends upwardly from
substrate 22 and the receiver 28 may be secured to, and extend
downwardly from, the top housing 14.

Receiver 28 may be secured to any location on substrate 22.
Receiver 28 is advantageously secured at a location on the
substrate 22 proximate to the downwardly facing LED(s). In
this or other embodiments, the receiver 28 is secured on the
substrate 22 at a position at least partially overlapping the
position of one or more LED(s). In this or other embodiments,
the receiver 28 is positioned over the portion of the LED
module 18 that generates the greatest amount of heat.

With reference now to FIGS. 2 and 3, blade 26 may be
generally U-shaped in cross-section with an inner structural
layer 30 and one or more thermally conductive layers 32
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positioned outwardly oflayer 30. Structural layer 30 provides
structural support for the blade and may be made of any
appropriate material. For example, layer 30 may be a plastic
material or metal such as aluminum. Thermally conductive
layer 32 may be made of graphite based materials described
herein above.

Though the blade 26 is shown having a generally U-shaped
cross-section, it should be appreciated that other blade con-
figurations are suitable. For example, blade 26 may be gen-
erally planar and include a single interior structural support
layer made of a plastic or metal material and a thermally
conductive layer secured to both major surfaces. In still other
embodiments, no structural support layer is provided, and the
blade 26 is made from one or more thermally conductive
layers.

Receiver 28 includes a channel 34 that is sized to at least
partially receive blade 26 therein. Receiver 28 includes a pair
of'spaced apart opposed legs 36 that are generally L.-shaped in
cross-section as shown in FIG. 3. A first portion 38 extends
approximately parallel to at least a portion of substrate 22. In
one embodiment, first portion 38 is secured directly to the
substrate 22 and is consequently in direct thermal contact
therewith. In another embodiment, a heat sink may be pro-
vided between receiver 28 and substrate 22. A second portion
40 extends upwardly from first portion 38 to define the chan-
nel 34 and engage blade 26. In one embodiment, second
portion 40 extends upwardly at a generally 90 degree angle
from first portion 38. Channel 34 is advantageously sized
slightly smaller, in cross-section, than the cross-sectional
width of blade 26 so that an interference fit ensures good
thermal coupling. To that end, legs 36 may be resilient to
allow flexural movement during insertion of blade 26.

Each leg 36 may include a structural support layer 42
which provides structural support for the leg 36 and may be
made of any appropriate material. For example, layer 42 may
be a plastic material or metal such as aluminum. At least one
contiguous layer 44 of thermally conductive material is
secured to the interior facing and bottom facing surfaces of
structural support layer 42. In this manner the thermally con-
ductive layer 44 is in thermal contact with substrate 22 and
with the exterior surfaces of blade 26 when inserted into
channel 34.

In on embodiment, an optional interface material 46 may
be provided between receiver 28 and substrate 22. Interface
material 46 may be a graphite material as described herein
above. In other embodiments, interface material 46 may be a
heat sink as described herein above.

As should be appreciated, when top housing 14 is lowered,
blade 26 as at least partially received inside channel 34.
Thermally conductive layers 32 of blade 26 engage thermally
conductive layers 44 of receiver 28. In this manner a thermal
bridge is formed between substrate 22 and the upper housing
14 to which the thermal bridge is in thermal contact. Thermal
energy may then flow along blade 26 and be dispersed at
upper housing 14. In this manner, the thermal energy gener-
ated by the LED and power electronics on substrate 22 is
removed.

With reference now to FIGS. 4-6, a second embodiment is
shown wherein like numerals indicate like elements. Lumi-
naire 10 includes thermal bridge 50 which may be generally
C-shaped with an inner structural layer 52 and one or more
thermally conductive layers 54 positioned outwardly of layer
52. Structural layer 52 provides structural support for the
thermal bridge 50 and may be made of a generally resilient
material. For example, layer 52 may be made of a resilient
plastic or a metal. Structural layer 52 may be optionally
thermally conductive. Thermally conductive layer 54 may be
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a graphite material discussed herein above. It should be
appreciated that other cross-sectional shapes of the thermal
bridge 50 are contemplated. For example, bridge 50 may be
tenerally T-shaped or generally [.-shaped in cross-section.

A bottom portion 56 of thermal bridge 50 is advanta-
geously secured directly to substrate 22 in any manner, for
example, adhesive or mechanical fasteners. In other embodi-
ments, a heat sink (not shown) may be positioned between
thermal bridge 50 and substrate 22 so that thermal bridge 50
is in thermal contact with substrate 22 through the heat sink.
Thermal bridge 50 is sized so that, when top housing 14 is
secured to bottom housing 12 in the closed configuration, a
top portion 58 of thermal bridge 50 engages the top housing
14. Because thermal bridge 50 is generally resilient, the ther-
mal bridge 50 will elastically deform, and because of the bias
force, bring the thermally conductive layer 54 firmly into
engagement with top housing 14. In this manner, thermal
energy generated by the LED and/or power electronics is
transferred from substrate 22 to the top housing 14.

It should be appreciated that thermal bridge 50 may be
secured instead to top housing 14. Accordingly, when bottom
housing 12 and top housing 14 are in the closed configuration,
the thermal bridge 50 engages the substrate 22 and is elasti-
cally compressed thereupon to bring thermal bridge 50 into
thermal contact with substrate 22.

With reference now to FIG. 7, a third embodiment is shown
wherein like numerals indicate like elements. Luminaire 10
includes thermal bridge 60 which may be generally C-shaped.
Thermal bridge 60 is positioned proximate to the pivot point
16 and is secured at opposed ends 62a and 625 to the substrate
22 and top housing 14 respectively. In one embodiment ther-
mal bridge 60 wraps around the pivot point 16. In other
embodiments, the thermal bridge 60 is proximate to, but not
wrapped around pivot point 16. Thermal bridge 60 is flexible
and resilient and therefore, when the top housing 14 is moved
from the closed to open configuration, thermal bridge 60
flexes to enable unencumbered pivoting motion. In one
embodiment, thermal bridge 60 biases the top housing 14
toward the open configuration. In this manner, the top housing
14 may be held open during servicing. In other embodiments,
the thermal bridge 60 provides minimal biasing force on top
housing 14.

Thermal bridge 60 may comprise one or more conductive
layers such as the graphite material discussed herein above.
Further, in one embodiment, thermal bridge 60 may addition-
ally include one or more structural layers to provide structural
support for the thermal bridge 60 and may be made of a
generally resilient material. For example, the structural layer
may be made of a resilient plastic or a metal. As discussed
above, the bottom end 62a of thermal bridge 60 is advanta-
geously secured directly to substrate 22 in any manner, for
example, adhesive or mechanical fasteners. In other embodi-
ments, a heat sink (not shown) may be positioned between
thermal bridge 60 and substrate 22 so that thermal bridge 60
is in thermal contact with substrate 22 through the heat sink.
Likewise, at least a portion of thermal bridge 60 is advanta-
geously secured to the interior surface of top housing 14. In
this manner, thermal energy generated by the LED and/or
power electronics is transferred from substrate 22 to the top
housing 14.

The various embodiments described herein can be prac-
ticed in any combination thereof. The above description is
intended to enable the person skilled in the art to practice the
invention. It is not intended to detail all of the possible varia-
tions and modifications that will become apparent to the
skilled worker upon reading the description. It is intended,
however, that all such modifications and variations be
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included within the scope of the invention that is defined by
the following claims. The claims are intended to cover the
indicated elements and steps in any arrangement or sequence
that is effective to meet the objectives intended for the inven-
tion, unless the context specifically indicates the contrary.

What is claimed is:

1. A luminaire comprising:

a bottom housing having a window;

a top housing movable relative to said bottom housing
between an open configuration and a closed configura-
tion;

a substrate carrying at least one LED, said substrate being
positioned in said bottom housing and light from said at
least one LED transmitted through said window; and

athermal bridge comprising a plastic structural layer and at
least one layer of anisotropic thermally conductive
graphite, said graphite being in thermal contact with said
substrate and said top housing when said top housing is
in the closed configuration and said graphite being dis-
engaged from thermal contact with one of said substrate
and said top housing when said top housing is in the open
configuration, wherein said graphite comprises at least
one of one or more sheets of compressed particles of
exfoliated graphite and one or more sheets of pyrolytic
graphite.

2. The luminaire according to claim 1 wherein said thermal
bridge further comprises a blade secured to one of said sub-
strate and said top housing and a receiver secured to the other
of said substrate and said top housing, wherein said receiver
includes a pair of spaced apart [.-shaped legs forming a chan-
nel sized to at least partially receive said blade therein.

3. The luminaire according to claim 2 wherein said blade
includes an inner structural layer formed of said plastic struc-
tural layer and said at least one layer of anisotropic thermally
conductive graphite is disposed on opposed sides of said inner
structural layer.

4. The luminaire according to claim 2 wherein said blade
comprises a generally U-shaped cross-section having an
inner structural layer formed of said plastic structural layer
and said at least one layer of anisotropic thermally conductive
graphite positioned outwardly of said inner structural layer.

5. The luminaire according to claim 2 wherein each of said
legs comprises a first portion secured generally parallel to
said substrate and a second portion extending generally per-
pendicular to said substrate.

6. The luminaire according to claim 5 wherein each of said
legs includes an outer plastic structural layer and at least one
layer of anisotropic thermally conductive graphite extending
along said first portion and said second portion and in thermal
contact with said substrate.
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7. The luminaire according to claim 1 wherein said thermal
bridge comprises generally resilient material affixed to said
substrate and positioned to be compressed against said top
housing when said top housing the closed configuration.

8. The luminaire according to claim 7 wherein said thermal
bridge is generally C-shaped and includes an inner structural
layer formed of said plastic structural layer and at least one
outer layer of anisotropic thermally conductive graphite.

9. The luminaire according to claim 8, wherein said ther-
mal bridge provides a bias force pushing said top housing
toward the open configuration.

10. The luminaire according to claim 1 wherein said at least
one LED produces at least 5000 lumens.

11. The luminaire according to claim 1 wherein said at least
one LED produces at least 10000 lumens.

12. The luminaire according to claim 1 further comprising
a hinge, wherein said bottom housing is attached to said top
housing at said hinge.

13. A luminaire comprising:

a bottom housing having a window;

a top housing pivotally secured to said bottom housing and
movable about a pivot axis between an open configura-
tion and a closed configuration;

a substrate carrying at least one LED, said substrate being
positioned in said bottom housing and light from said at
least one LED transmitted through said window;

a thermal bridge comprising at least one layer of anisotro-
pic thermally conductive graphite and being in thermal
contact with said substrate and said top housing and
positioned proximate to said pivot axis, wherein said
thermal bridge provides a bias force pushing said top
housing toward the open configuration.

14. The luminaire of claim 13 wherein said thermal bridge

is wrapped around said pivot axis.

15. The luminaire of claim 13 wherein said thermal bridge
is positioned forwardly of and not wrapped around said pivot
axis.

16. The luminaire of claim 13 wherein said thermal bridge
is generally C-shaped and includes an inner structural layer
and at least one outer layer of anisotropic thermally conduc-
tive graphite.

17. The luminaire according to claim 13 wherein said
anisotropic thermally conductive graphite comprises one or
more sheets of compressed particles of exfoliated graphite.

18. The luminaire according to claim 13 wherein said
anisotropic thermally conductive graphite comprises one or
more sheets of pyrolytic graphite.
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